Introduction {#S0001}
============

Intrauterine growth restriction (IUGR) is a multifactorial obstetrical condition and is characterized as uteroplacental ischemia, resulting in disturbing the balance of nutrition between the mother and the fetus.[@CIT0001],[@CIT0002] In a normal baby, birth weight should be between the 10th and 90th percentiles, in terms of gestational age, sex, and race. Generally, if the baby's birth weight is less than the 10th percentile and the abdominal circumference is less than 2.5th percentile, then IUGR is considered to be diagnosed. IUGR is, in fact, a clinical definition, and is used for infants showing clinical manifestations of malnutrition and impairment of intrauterine growth and is not necessarily dependent on growth-related issues. Thus, even for an infant with appropriate weight for gestational age, IUGR can be used if evidence shows intrauterine retardation at birth.[@CIT0003],[@CIT0004] The prevalence of IUGR in developing countries is 6 times higher than in developed countries. The prevalence of this disorder is higher in Asia than in other continents, accounting for approximately 75% of all affected infants. In Asia, the prevalence is highest in Bangladesh, India, Pakistan, Sri Lanka, Cambodia, Vietnam, Philippines, Indonesia, Malaysia, Thailand, and China.[@CIT0005]

There are many causes for the etiology of IUGR, but in general, any factor that interferes with the balance between the transfer of food supplies through the placenta and the demand of the fetus can lead to IUGR. It should be noted that in a few cases, embryonic disorders such as fetal malformations, metabolic disorders, and chromosomal abnormalities are involved in the pathogenesis of this disease.[@CIT0006] Therefore, in general, IUGR can occur due to fetal, maternal, and placental causes. Growing of evidence indicate that maternal weight deficiency, malnutrition, pregnancy-induced hypertension, gestational diabetes, smoking cigarettes, alcohol consumption, and some medications are the risk factor for IUGR.[@CIT0007],[@CIT0008]

Moreover, a few previous studies demonstrated that platelets contribute to the pathogenesis of IURG. Abnormal platelets morphology and function, as well as increased mean platelet volume (PMV), have been proven as a feature of IUGR.[@CIT0009] The association between IUGR and platelet function is so strong that even aspirin consumption is recommended for preventing recurrence of IUGR.[@CIT0010] Platelet activation is associated with arterial thrombosis, which in addition to IUGR may lead to numerous clinical conditions such as hypertension, myocardial infarction, and stroke.[@CIT0011] Moreover, a decreased in platelet aggregation in patients with IUGR, particularly with hypertension, have been reported. Considering the major role of platelets in hemostasis regulation and thrombosis and its function in the coagulation process, which can lead to disorders in placental circulation,[@CIT0009],[@CIT0012],[@CIT0013] implying that studying platelets indices in IURG could lead to better understanding the pathophysiology of the disease.

CXCL12 is a chemokine that through binding with its G-coupled receptor plays an important role in the migration, reproduction, and differentiation of hematopoietic stem cells and leukocytes.[@CIT0014],[@CIT0015] CXCL12 is secreted by trophoblastic cells and decreases gradually with increasing gestational age, and induces proliferation and differentiation of trophoblast.[@CIT0016] It also binds to CXCR4 and attracts decidua natural killer cells (dNK) cells into the decidua. The CXCL12/CXCR4 signal plays a very important role in the cross-talk between different functional cell types in the human maternal/fetal interface.[@CIT0016],[@CIT0017] dNK cells regulate angiogenesis in the placenta and regulate extravillous trophoblast invasion by secreting many cytokines.[@CIT0018] CXCL12 deficiency can lead to developmental defects, bone marrow myelopoiesis, congenital anomalies such as ventricular septal defect and even perinatal mortality.[@CIT0019] Reduced number of dNK cells were seen in patients with IUGR, which was associated with a decrease in trophoblastic invasion in decidua.[@CIT0018] Although a recent study has shown that the elevated levels of CXCL12 in the amniotic fluid could predict pregnancy outcome,[@CIT0020] the levels of this chemokine in IUGR has been yet studied. Herein we examined the levels of CXCL12 in the serum of patients with IUGR in comparison with normal pregnant women and observed that demonstrated that the level of this cytokine was significantly reduced in the patients that the normal counterpart group.

Patients and Materials {#S0002}
======================

Patients {#S0002-S2001}
--------

In this study, all pregnant mothers with the gestational age between 24 and 40 weeks who were referred to the Pregnant Mothers Clinic, Besat Hospital, Sanandaj, were screened according to the risk factors of intrauterine growth restriction., IUGR was diagnosed according to the criteria of Figueras and Gratacos[@CIT0021] on the basis of an EFW less than the 10th centile with abnormal blood flow defined by pulsatility index (PI; peak systolic flow velocity − end-diastolic flow velocity)/time averaged flow velocity in UA (PI \> 95th percentile) and/or in MCA (PI \< 5th percentile) or EFW less than the third centile without Doppler blood flow abnormalities. Patients with platelet dysfunction, aneuploidy detection or embryonic structural malformations, multiple pregnancies, and taking low molecular weight heparin or aspirin within 7 days prior to blood sampling were excluded. Cigarette smoking was not considered as an exclusion criterion because one of the participants in the two groups were smokers. Finally, 36 samples were selected as the case group and the same number of healthy pregnant mothers was considered as the control group. The protocol was approved by the Ethical Research Committee of Kurdistan University of Medical Sciences (KUMS) according to the criteria set by the declaration of Helsinki.

Detection of CXCL12 and Platelets Indices {#S0002-S2002}
-----------------------------------------

After receiving written consent and explaining all the steps of the study, the patients were asked to fast from the night before blood sampling. Platelet count and indices were examined by employing blood cell analyzer (Nihon Koden, Tokyo, Japan) and for detection of CXCL12, 2 mL peripheral blood samples were then drawn and then centrifuged at 3000 rpm for 10 minutes within 1 hour after phlebotomy. Serums were separated and kept in a new microtube, labeled and kept at −80 °C until the test. The level of CXCL12 was measured by employing an Enzyme-Linked Immunosorbent Assay (ELISA) kit according to the manufacturer's instruction (R& D system, Minneapolis, MN). The optical absorbance (OD) was analyzed by ELISA Reader (Tazhir Azema, Tehran, Iran) at 450 nm. Finally, the data were analyzed using independent *T*-test by SPSS (version 22, Armonk, NY, USA).

Results {#S0003}
=======

In this case--control study, there were no significant relationships between age and gestational age in both the case and the control groups (P = 0.501 and P = 0.806, respectively). Also, there was no significant relationship between the history of abortion, diabetes, and BMI in both groups (P = 0.285, P = 0.735, and P= 0.824, respectively) ([Table 1](#T0001){ref-type="table"}).Table 1Demographic Characterization of the Patients with IUGR and Control GroupsControlIUGRP valueAge of patients (years)26.42 ± 4.4227.14 ± 4.630.519Pre-pregnancy BMI26.7 ± 3.127.4 ± 3.20.824Gestational Age32.83 ± 2.3832.97 ± 2.810.806Diabetes Mellitus No32 (88.9%)30 (83.3%)0.733 Yes4 (11.1%)6 (16.7%)Abortion No33 (91.7%)30 (83.3%)0.285 Yes3 (8.3%)6 (16.7%)

The results of this study showed that there was a significant difference between platelet count in patients with IUGR compared with the control group so that the mean platelet count in patients with IUGR was lower than the mean platelet count in the control group (P = 0.0001). Also, according to the results, the mean MPV in patients with IUGR was more than the control group, which was significant (P = 0.015). In the present study, there was a significant difference between the mean PDW in the two groups, so that the mean PDW was higher in the patients with the IUGR group (P = 0.0001). In contrast, our data show that the mean plateletcrit (PCT) in the control group was higher than the case group and the difference was significant (P = 0.0001) ([Table 2](#T0002){ref-type="table"}).Table 2Comparison of Platelet Indices Between the Patients with IUGR and Control GroupsVariableGroupMeanStandard DeviationtP valuePLT CountIUGR154.3150.38−7.9560.0001Control236.536.09MPVIUGR7.940.552.5020.015Control7.620.53PDWIUGR17.570.704.0040.0001Control16.960.59PCTIUGR0.1240.038−7.3610.0001Control0.1780.021[^2]

Interestingly, there was a significant difference between the mean serum level of CXCL12 in the case group and the control group, so that the mean serum level of this factor was higher in the case group compared to the control group (P = 0.02) ([Figure 1](#F0001){ref-type="fig"}).Figure 1The levels of CXCL12 in serum of patients with IUGR and control group. Serum levels of CXCL12 in 36 patients with IUGR and 36 healthy pregnant women were analyzed by an Enzyme-Linked Immunosorbent Assay (ELISA) kit according to manufacturer's instruction. The data is presented as Mean ± SD of each group.

Discussion {#S0004}
==========

Reduced fetal growth is seen in approximately 10% of pregnancies but only a minority develop a pathological manifestation known as IUGR.[@CIT0022] IUGR is considered as the most common and complex problem in modern obstetrics by America Obstetrics and Gynecologist.[@CIT0023] In general, any factor that disturbs the balance of nutrition between the mother and the fetus could be considered as a cause for IUGR.[@CIT0001],[@CIT0004],[@CIT0024] Platelet activation is associated with arterial thrombosis which may involve in pathogenesis of several diseases including hypertension, myocardial infarction and stroke.[@CIT0025] Abnormal platelet function and alteration of platelet indices are known to be involved in the pathobiology of various pregnancy-associated diseases including IUGR.[@CIT0009],[@CIT0020] According to the results of this study, there was no significant difference between age, BMI, and gestational age in the two groups (P=0.501, P=0.824, and P=0.806, respectively). Also, there was no significant difference in the history of abortion and the history of diabetes mellitus (P=0.285 and P=0.735, respectively). Moreover, the levels of CXCL12 and the mean value of PDW and MPV were increased in the patients compared to the control group. Conversely, the platelet count and PCT were much higher in the control group than the test.

Norris et al previously showed that platelets aggregation was approximately 50% lower in hypertensive IUGR patients compared with normal pregnancy controls; however, there were no differences in platelet aggregations in normotensive pregnancies and normal pregnancy controls.[@CIT0026] Similarly, Piazze et al demonstrated that increased platelets count and MPV was associated with Doppler velocities in patients with IUGR or preeclampsia compared to normal pregnancy controls.[@CIT0027] In the current study, in contrast to the platelet count that was significantly decreased in IUGR pregnancies, MPV was increased in these patients, indicating that platelet activation leads to enhanced platelet production which directly causes an increase in MPV. Consistently, a recently study has shown that both MPV and PDW were elevated in patients with preeclampsia than normal controls.[@CIT0028] On the other hand, we observed that the number of platelets and the mean value of PCT were decreased in patients with IURG, indicating a continuous consumption and activation of platelets in the patients. Furthermore, previous studies reported that in patients with IUGR, indicating that increased platelet activation in the uteroplacental interface leads to the secretion of vasoactive substances into the maternal circulation, causing subsequent complications such as hypertension.[@CIT0026],[@CIT0029],[@CIT0030]

It has been demonstrated that endothelial dysfunction and imbalance in vasoactive factors such as endothelin, nitric oxide, and prostacyclin are features of the placenta-mediated complications of pregnancy.[@CIT0031] Aspirin suppresses the production of prostaglandins and thromboxanes inhibiting platelet aggregation and was associated with reduction of IUGR incidence.[@CIT0032],[@CIT0033] The release of fms-like tyrosine kinase-1 (sFlt-1) and soluble endoglin into the maternal circulation causes endothelial dysfunction, which is the common feature of IUGR.[@CIT0034] sFlt-1 is an inhibitor of vascular endothelial growth factor (VEGF) and placental growth factor (PGF), and its upregulation in patients with IUGR may inhibit the functions of VEGF and PGF.[@CIT0035]

In the present study, we observed that the levels of CXCL12 were significantly higher in patients with IUGR than the normal pregnancy controls. CXCL12 plays an important role in the formation of blood vessels, which is a key element in the development of the placenta. Dysregulation of placental angiogenesis in pregnancy can cause pregnancy outcomes.[@CIT0036] Following the remodeling of the placental arteries, CXCL12 is responsible for the utero-placental circulation, apoptosis suppression and increase in the survival of trophoblast cells during pregnancy.[@CIT0037] Hwang et al reported in their study that CXCL12 levels were increased in people with preeclampsia in comparison to healthy people, which could be a compensatory mechanism in preeclampsia.[@CIT0038] In healthy subjects, this factor is found in the syncytiotrophoblast layer, especially in the second and third trimester.[@CIT0039] In patients with preeclampsia, the CXCL12 at mRNA levels is expressed in syncytiotrophoblasts, and extravillous cytotrophoblasts. Although the pathophysiology of preeclampsia and IUGR are different, our data show that the levels of CXCL12 are much higher in the serum of the patients with IUGR implying that this chemokine could play a role in the pathogenesis of this disease. Even though the mechanism that regulates the expression of CXCL12 during the cytotrophoblast differentiation has not been completely elucidated, but it seems that this chemokine display many biological activities during fetus development and utero-placental circulation.[@CIT0040] We postulate that elevated levels of CXCL12 could be a compensatory mechanism for either preventing more damage to endothelial cells or chemoattracting endothelial cells to the fetal--maternal interface. Moreover, peripheral blood mononuclear cells of preeclamptic patients express a high amount of hypoxia induced factor-1 (HIF-1a) when exposed to hypoxia.[@CIT0041] Since HIF-1a mediates upregulation of CXCL12 in a hypoxia state,[@CIT0041] we could hypothesis that elevated levels of CXCL12 is somehow a response to hypoxia in patients with IUGR. In addition to the syncytium of placental villi, platelet activation or endothelial damage can also be considered as an alternative source for increasing CXCL-12 in both IUGR and preeclampsia.[@CIT0042] Moreover, circulating endothelial progenitor cells can be mobilized by CXCL12 and play an important role in angiogenesis associated with tissue repairmen after ischemia and endothelium regeneration.[@CIT0043],[@CIT0044] Herein, we envision that the elevated circulating levels of CXCL12 observed in IUGR may function as a rescue mechanism in the repair of maternal endothelium by facilitating the recruitment and homing of endothelial progenitor cell. Taken together, detection of serum CXCL12 and platelets induces might have some benefits for diagnosis of IUGR.

The present study showed that platelet indices are changed in IUGR, and the levels of circulating CXCL12 increased in maternal blood. The results of this study support the hypothesis that imbalance of angiogenic factors/chemokines and platelet dysfunction may play important roles in the development of IUGR, and these findings provide a base for further studies to better defining the pathophysiology of IUGR.

This work was supported by grants from the Kurdistan University of Medical Sciences (KUMS) to AJ and SS for supporting of RM's thesis as a resident in Obstetrics and Gynecology at KUMS.

Disclosure {#S0005}
==========

The authors declare that they have no conflicts of interest.

[^1]: These authors contributed equally to this work

[^2]: **Abbreviations:** PLT, platelets; MPV, mean platelets volume; PDW, platelet distribution width; PCT, plateletcrit.
